ABSTRACT The blood feeding of mosquitoes and black ßies from Hereford cattle and ponies treated with commercial formulations of permethrin was evaluated using an animal enclosure trap sample system that allowed comparison of insect blood-feeding levels between treated and nontreated animals. Blood feeding of both Aedes dorsalis Meigen and A. melanimon Dyar from heifers treated with pour-on concentrate and whole body spray treatments was reduced signiÞcantly by 79 Ð 88% at 4 d posttreatment, with apparent but not signiÞcant reductions of 61Ð 68% at 11 d posttreatment. Simulium bivittatum Malloch and S. griseum Coquillett blood feeding was reduced signiÞcantly by 96% to Ͼ99% at 4 d posttreatment, but apparent reductions of 30 Ð 87% at 11 d posttreatment were not signiÞcant. Blood feeding of S. bivittatum from ponies treated with a permethrin ßy wipe was reduced signiÞcantly by 98 and 87% at 1 and 7 d posttreatment, respectively. No evidence of treatment-induced mortality was observed for recently blood-fed female mosquitoes or black ßies captured from treated animals and held for 24 h. The potential beneÞt of using permethrin to protect livestock from insect-transmitted pathogens was estimated with a model based on level of host attack, pathogen infection rate in the vector, and suppression of blood feeding. Suppression of blood feeding by 90% is predicted to prevent the exposure of a host to a pathogen for up to10 d at 1,000 insect feedings per d when the vector population infection rate is one insect per 1,000. If insect feedings are lower (100/d) and the insect infection rate remains at one per 1,000, protection is predicted for 100 d. In contrast, a 90% suppression of blood feeding is predicted to provide protection for less than 1 d at 1,000 feeding per day and a vector infection rate of one insect per 100.
BLOOD FEEDING FROM LIVESTOCK by mosquitoes (Culicidae), biting midges (Ceratopogonidae), and black ßies (Simuliidae) is widespread and commonplace, often numbering hundreds if not thousands of insects per animal per day (Anderson and Voskuil 1963 , Pennington and Lloyd 1975 , Schmidtmann et al. 1980 , Mullens and Gerry 1998 . In addition to inducing irritation, annoyance, and blood loss, livestock production losses attributable to mosquito and black ßy blood feeding are reßected as reductions in weight gain, feed conversion efÞciency, and milk production (Drummond 1987) . Nematoceran blood feeding also deÞnes the epizootiology of arthropod-borne animal diseases, representing the means by which animals are infected, a source of ampliÞcation and maintenance of the pathogen in time and space, and the seasonal incidence and geographic distribution of host exposure.
Because the immature stages of many hematophagous Nematocera are found in aquatic habitats that may be geographically widespread and far removed from livestock premises, it can be difÞcult to target aquatic sources for suppressing adult populations. In contrast, the direct treatment of animals to prevent or interfere with mosquito or black ßy blood-feeding has the advantage of selectively targeting pest or vector populations at the site where they seek blood meals.
Synthetic pyrethroid insecticides have rapid effects on the nervous system of insects (Beeman 1982) , and therefore may interrupt insect host-orientation behavior and reduce blood-feeding success (anti-feeding effects, Killick-Kendrick et al. 1997 ). Reductions in blood-feeding levels of 40 Ð70% from permethrintreated cattle have been reported for mosquitoes (Shemanchuk et al. 1991 , Loftin et al. 1996 , up to 70% or greater for black ßies (Shemanchuk and Taylor 1984) and up to 80% for biting midges (Mullens et al. 2000) . Bioassays documenting permethrin-induced mortality or interference with mosquito and biting midge feeding are reported by Holbrook (1986) , McLaughlin et al. (1989) , Mullens (1993) , Braverman and Chizov-Ginzburg (1997) , and Mullens et al. (2000) .
This study evaluated the effects of treating Hereford cattle and ponies with several commercial formulations of permethrin on the blood-feeding success of mosquito and black ßy species common to the intermountain West.
Materials and Methods
Experimental Design. Three Þeld trials that evaluated the effects of permethrin treatment of livestock on mosquito and black ßy blood feeding were conducted during the summers of 1998 and 1999; two trials used Hereford cattle as bait animals and a third used ponies. Trial I was carried out in the Laramie Valley, WY, where annual snow-melt runoff and ßood irrigation of pastures support adult mosquito populations that peak in July. Collective attack rates for Aedes dorsalis Meigen, A. vexans Meigen, and Culiseta inornata (Williston) have been reported to attain 10,000 blood-fed individuals per night (Pennington and Lloyd 1975) . Trials II and III were conducted in the Bighorn River Valley of north-central Wyoming, where the Bighorn River and adjacent irrigation canals provide breeding sites for the black ßies, Simulium vittatum (Zetterstedt), S. griseum Coquillet, and S. bivitattum Malloch. Attack rates for these species from livestock may collectively average 1,000 ßies per day (E.T.S., unpublished data).
In trials I and II, three replicates of three animals each (Hereford heifers and steers of Ϸ225Ð275 kg) were used to evaluate test treatments over a 6-wk period. In trial III, Þve replicates with six ponies of 90 Ð180 kg were conducted over a 5-wk period. In each trial, animals were randomly assigned to treatments, with each replicate consisting of a nontreated control animal that was paired with either two treated animals (trials I and II) or one treated animal (trial III). Animals were treated only once. Two permethrin treatments were evaluated in trial I (three replicates, nine animals) and trial II (2 replicates, six animals), one a whole-body spray (Guardstar 0.05% permethrin [AI] , Y-Tex Corporation, Cody, WY) applied at Ϸ2 liters per animal at 50 psi using a pressurized sprayer calibrated to deliver 1 liter of spray in 30 s. The second treatment was a pour-on concentrate (Brute, 10% permethrin [AI], Y-Tex Corporation) applied at 3.75 ml/ 114 kg of body weight. Using a syringe, 0.1 ml of concentrate was applied to the inside surface of each ear, and the balance was applied equally to both sides of the hips, ribs and shoulders. This procedure was used to maximize coverage of the body trunk, legs and head, as well as the inside of ears where S. vittatum feed. In trial III, an equine formulation (Brute, a 10% permethrin [AI] , Y-Tex Corporation) was applied as a whole-body wipe-on treatment at an estimated rate of 3 ml/45 kg of body weight. The volume recommended for each pony was calculated and then applied with a painterÕs mitt that was weighed before and after treatment to determine the amount of material applied.
Insect Sampling. Host-seeking mosquitos and blackßies were sampled during mid-morning and evening periods of host-seeking activity using a nettrap system ( Fig. 1 ) that consisted of a 3 by 3 by 2.4-m aluminum frame that supported a 2.4 by 2.4 by 2.7-m polypropylene catch bag (32 ϫ 32 mesh) that was attached with ties to the corners and cross bars. Test animals were haltered and individually positioned in steel stanchions. Stanchions were set at distances of 7 m apart. Animal position was randomly established for each collection date, and animals were moved between stanchions for successive samples to avoid collection-site bias. Insects attracted to an animal and blood feeding were captured by placing the nettrap catch bag over the animal. In taking a sample, the nettrap unit was moved adjacent to the stanchioned host, the aperture elevated over the animal, and then promptly dropped down over the animal to ground level. The skirt at the base of the catch bag was tucked under the bottom cross bar to prevent ingress or egress of ßies. The catch bag was left in place over the animal for at least 10 min (mosquito samples) and 15 min (black ßy samples) to allow feeding ßies to complete engorgement. An operator then entered the nettrap catch bag through the zippered aperture, closed the zipper, and aspirated all insects from the interior of the catch bag with a portable vacuum aspirator (DC Insect Vac 2820B, BioQuip, Gardena, CA). This process commonly required Ϸ10 Ð20 min. After all insects were captured, the operator then exited the catch bag, zippered the aperture, then lifted the catch bag up, over, and away from the animal and placed it open-side down on the ground. Catch bottles (# 2820 d, BioQuip) were placed in insulated chests for transport to the laboratory where the insects were anesthetized with CO 2 , transferred to snap cap bottles and frozen at Ϫ6.7ЊC for temporary storage.
In trial I, 10 blood-fed mosquitoes were individually captured from the interior of each nettrap using a clean 5-ml glass vial containing a strip of 1 by 6-cm Þlter paper and stoppered with a cork. A total of 180 mosquitoes captured in 18 samples for each replicate from each nontreated and treated animal was ob- served for evidence of morbidity or mortality at 24 h postcapture. Limited numbers of black ßies were captured and held similarly for bioassay in trial II.
Data Analysis. Mosquitoes and black ßies captured in nettrap samples were identiÞed by species, sorted as blood-fed and nonblood fed specimens, and reported as mean and standard deviation values per sample. Trial I data were subjected to an analysis of variance (ANOVA, SAS Institute 1982), using least squares means and comparisons among least squares mean differences. Trial II and III data, which were variable due to variation in catch data among sample dates, were analyzed by Wilcoxon signed rank test (Snedecor and Cochran 1967) .
Host-Risk Model. A model that estimates the risk for host exposure to an arthropod-borne pathogen was developed using the following three parameters: (1) percent suppression of blood feeding, (2) vector pathogen-infection rate, and (3) insect blood-feeding rate. Risk for host exposure was calculated using selected values for the former parameters as (100 -% suppression of blood feeding)/100 ϫ number blood feedings ϫ proportion infected insects).
Results
Trial I. On day 4 posttreatment, an average of 184.3 female Aedes melanimon engorged on nontreated heifers (Table 1) , whereas averages of 24.0 and 21.7 females engorged on heifers treated with concentrate and spray treatments, respectively; these values, which differed signiÞcantly from nontreated heifers (F ϭ 2.87; df ϭ 2, 6; P ϭ 0.03 and F ϭ 2.92; df ϭ 2, 6; P ϭ 0.03), represent reductions in blood feeding of 87% and 88% (Fig. 2) . On day 7 posttreatment, an average of 177.3 blood-fed A. melanimon were cap- tured per sample from nontreated heifers, whereas 86.3 and 32.3 females per sample were captured from heifers treated with concentrate and spray treatments, respectively. Of these values, 51% and 64% reductions in blood feeding, respectively, (Fig. 2) only the latter differed signiÞcantly from the nontreated control (F ϭ 2.08; df ϭ 2, 6; P ϭ 0.08 and F ϭ 3.31; df ϭ 2, 6; P ϭ 0.02).
The numbers of blood-fed A. melanimon after 11 d averaged 327.0, 126.3, and 116.7 females per sample for control, concentrate and spray treated heifers, respectively, and did not differ signiÞcantly (F ϭ 1.53; df ϭ 2, 6; P ϭ 0.18 and F ϭ 1.16; df ϭ 2, 6; P ϭ 0.16). Day 14 posttreatment values averaged 164.0, 91.3, and 96.3 blood-fed females per sample for nontreated, concentrate, and spray treatments, respectively, and did not differ signiÞcantly (F ϭ 2.34; df ϭ 2, 6; P ϭ 0.10 and F ϭ 2.17; df ϭ 2, 6; P ϭ 0.07). Typically, fewer nonengorged mosquitoes were collected from nontreated heifers than permethrintreated heifers (Table 1) , although the 9.7 A. melanimon captured from nontreated animals on day 4 posttreatment did not differ from the average 109.3 and 68.3 nonengorged females captured from heifers treated with concentrate and whole body spray treatments (F ϭ 2.04; df ϭ 2, 6; P ϭ 0.09 and F ϭ 1.20; df ϭ 2, 6; P ϭ 0.27). Nevertheless, on day 7 posttreatment, the average 80.3, and 73.3 nonengorged A. melanimon captured per sample from concentrate-and spraytreated heifers were signiÞcantly greater than the 19.7 females captured from nontreated animals (F ϭ 3.01; df ϭ 2, 6; P ϭ 0.02 and F ϭ 2.67; df ϭ 2, 6; P ϭ 0.04), respectively. Day 11 blood-feeding values averaged 52.7, 146.3, and 179.3 A. melanimon for nontreated, concentrate, and spray treatments, respectively; they did not differ (F ϭ 1.04; df ϭ 2, 6; P ϭ 0.34 and F ϭ 1.41; df ϭ 2, 6; P ϭ 0.21), respectively. Day 14 posttreatment values averaged 69.3 and 68.3 nonengorged A. melanimon for concentrate and spray treatments, which were signiÞcantly greater than the average 18.7 females captured from nontreated animals (F ϭ 4.11; df ϭ 2, 6; P ϭ Ͻ 0.01 and F ϭ 4.03; df ϭ 2, 6; P ϭ 0.01, respectively).
The average capture of 90.7 engorged female A. dorsalis from nontreated animals at 4 d posttreatment (Table 1) was signiÞcantly greater than the 15.3 and 19.0 females per catch from heifers treated with concentrate and spray formulations (F ϭ 2.87: df ϭ 2, 6; P ϭ 0.03 and F ϭ 22.73; df ϭ 2, 6; P ϭ 0.03), respectively. The latter values represent reductions in blood feeding of 83% and 79% percent (Fig. 2) . On day 7, an average of 83.3, 44.0, and 25.0 A.dorsalis per sample were captured for nontreated, concentrate-, and spray-treated heifers, respectively. These values did not differ signiÞcantly (F ϭ 1.39; df ϭ 2, 6; P ϭ 0.21 and F ϭ 2.07; df ϭ 2, 6; P ϭ 0.08), respectively. On day 11, engorged A. dorsalis averaged 95.0, 33.7, and 30.3 for nontreated, concentrate-, and spray-treated heifers, respectively. Both values for treated animals differed signiÞcantly from nontreated animals (F ϭ 2.86; df ϭ 2, 6; P ϭ 0.03 and F ϭ 3.01; df ϭ 2, 6; P ϭ 0.02, representing reductions in blood feeding of 64% and 68% (Fig. 2) , respectively. Day 14 engorgement values averaged 33.0, 39.3, and 30.0 for nontreated, concentrate-, and spray-treated heifers, and did not differ signiÞcantly (F ϭ 0.49; df ϭ 2, 6; P ϭ 0.65 and F ϭ 0.23; df ϭ 2, 6; P ϭ 0.83), respectively.
The average 7.0 nonengorged female A. dorsalis captured from nontreated heifers on day 4 posttreatment (Table 1 ) appeared to be lower than the averages of 54.0 and 35.0 females captured from concentrate-and spray-treated animals, but the values did not differ (F ϭ 1.48; df ϭ 2, 6; P ϭ 0.19 and F ϭ 0.88; df ϭ 2, 6; P ϭ 0.41), respectively. On day 7, average capture values for nonengorged A. dorsalis were 8.7, 44.0, and 39.7 for nontreated, concentrate-, and spray-treated heifers, respectively, and these values also did not differ signiÞcantly (F ϭ 1.53; df ϭ 2, 6; P ϭ 0.18 and F ϭ 1.34; df ϭ 2, 6; P ϭ 0.86). On day 11, nonengorged A. dorsalis averaged 37.7, 36.3, and 33.7 for nontreated, concentrate-and spray-treated heifers, respectively. These values did not differ signiÞcantly (F ϭ 0.04; df ϭ 2, 6; P ϭ 0.97 and F ϭ 0.13; df ϭ 2, 6; P ϭ 0.90. Day 14 values for nonengorged females again did not differ signiÞcantly (F ϭ 2.08; df ϭ 2, 6; P ϭ 0.83 and F ϭ 1.47; df ϭ 2, 6; P ϭ 0.50), averaging 6.0, 26.3, and 20.3 for nontreated, concentrate-, and spray-treated heifers, respectively.
The bioassay data, based on samples of recently blood-fed mosquitoes taken for each replicate and from each nontreated and treated heifer at both 7 and 14 d posttreatment, showed no evidence of permethrin-induced mortality after 24 h. All cohorts of 10 females were alive after 24 h.
Trial II. Average engorgement for the black ßy, S. bivittatum, from nontreated steers, concentrate, and spray treatments at 4 d posttreatment was 70.5, 2.8, and 0.5 females per sample (Table 2 ). Both treatment values were signiÞcantly less than the nontreated value (n ϭ 6, P Ͻ 0.05 and n ϭ 6, P Ͻ 0.05), respectively, representing 96 and 99% reductions in blood feeding (Fig. 2) . At 11 d, average captures of 44.9, 10.0, and 31.3 female S. bivittatum were made from nontreated, concentrate-and spray-treated steers, respectively. Only the concentrate treatment, a reduction in blood feeding of 87%, differed signiÞcantly (n ϭ 6, P Ͻ 0.05). In contrast to mosquitoes, the average of 53.8 nonblood fed S. bivittatum captured from nontreated steers ( Table 2 ) was signiÞcantly greater than the 17.2 and 18.0 nonengorged females captured at concentrate-and spray-treated steers (n ϭ 6, P Ͻ 0.05 and n ϭ 6, P Ͻ 0.05), respectively. At 11 d posttreatment, nonengorged S. bivittatum at nontreated, concentrate-, and spray-treated steers averaged 48.6, 71.8, and 51.4 females per sample, respectively; neither treatment differed from nontreated steers (n ϭ 7, P Ͼ 0.05 and n ϭ 7, P Ͼ 0.05). Host-seeking female S. griseum responded to permethrin treatments at 4 d posttreatment like S. bivittatum, with averages of 29.5, 0.5, and 1.2 engorged females captured at nontreated, concentrate-and spray-treated steers, respectively ( Table 2 ). The values for treated steers were signiÞcantly less than for nontreated steers (n ϭ 6, P Ͻ 0.05 and n ϭ 6, P Ͻ 0.05), representing reductions in blood feeding of 98% and 96% (Fig. 2) . No difference in S. griseum blood feeding occurred after 11 d, with average catches of 11.1, 3.7, and 6.9 females per sample for nontreated, concentrate and spray treatments, respectively (n ϭ 7, P Ͼ 0.05 and n ϭ 7, P Ͼ 0.05).
Nonengorged S. griseum appeared to be more numerous at nontreated steers after 4 d posttreatment, averaging 49.3 females per catch, versus 29.0 and 28.3 females captured at steers treated with concentrate and spray formulations (Table 2) . Nevertheless, these values did not differ signiÞcantly (n ϭ 6, P Ͼ 0.05 and n ϭ 6, P Ͼ 0.05, respectively). After 11 d, catch rates for nonengorged females also did not differ signiÞ-cantly among treatments, averaging of 63.1, 58.3, and 103.4 females per catch for nontreated, concentrateand spray-treated steers, respectively (n ϭ 7, P Ͼ 0.05 and n ϭ 7, P Ͼ 0.05).
Simulium vittatum were less abundant, averaging 3.0, 0.8, and 1.8 engorged females per sample at 4 d posttreatment, respectively (Table 2 ), yet values for both treated steers differed from nontreated steers (n ϭ 6, P Ͻ 0.05 and n ϭ 6, P Ͻ 0.05). At 11 d posttreatment, the 1.7, 1.9, and 0.2 engorged S. vittatum captured from nontreated, concentrate-, and spray-treated steers did not differ (n ϭ 7, P Ͼ 0.05 and n ϭ 7, P Ͼ 0.05). Nonengorged S. vittatum averaged 4.3, 1.8, and 0.5 females at nontreated, concentrateand spray-treated steers, respectively, at 4 d posttreatment; these values did not differ signiÞcantly (n ϭ 6, P Ͼ 0.05 and n ϭ 6, P Ͼ 0.05). The average 8.6, 5.6, and 9.6 nonengorged S. vittatum captured per sample from nontreated, concentrate-, and spray-treated steers, respectively, also did not differ signiÞcantly at 11 d posttreatment (n ϭ 7, P Ͼ 0.05 and n ϭ 7, P Ͼ 0.05).
Trial III. Engorged S. bivittatum averaged 55.0 per catch from nontreated ponies within 12 h posttreatment (Table 3 ). This value differed signiÞcantly from the average 0.8 engorged S. bivittatum captured from ponies treated with permethrin (n ϭ 10, P Ͻ 0.01), a reduction of 98% (Fig. 2) . At 1 wk posttreatment, averages of 12.8 and 1.7 engorged S. bivittatum were captured from nontreated and treated ponies, respectively; these values, a reduction of 99%, also differed signiÞcantly (n ϭ 10, P Ͻ 0.05). Nonengorged S. bivittatum averaged 19.1 and 5.3 ßies per catch for nontreated and treated ponies at 4 d posttreatment and did not differ signiÞcantly (n ϭ 10, P Ͼ 0.05). Capture values for nonengorged S. bivittatum at 11 d posttreatment averaged 15.5 and 8.2 ßies per sample for nontreated and treated ponies and did not differ signiÞ-cantly (n ϭ 10, P Ͻ 0.05).
Host Risk Model. Table 4 lists the estimated probabilities associated with suppressing insect blood feeding on host risk for exposure to an insect-transmitted pathogen (see also Discussion).
Discussion
The data demonstrate that bovines and equines treated with permethrin were subjected to lower levels of blood feeding by the mosquitoes, A. dorsalis and A. melanimon, and black ßies, S. griseum, S. bivittatum, and S. vittatum, than nontreated animals. SigniÞcant reductions in blood feeding from permethrin-treated animals occurred for both mosquito and black ßy species during the Þrst week posttreatment, and apparent reductions in blood feeding persisted during the fol- lowing week. Although several differing formulations of permethrin were used, our results are consistent with previous studies that reported reduced mosquito, black ßy, and biting midge blood feeding from livestock treated with permethrin. Reductions in blood feeding rates of 40 Ð70% have been reported for mosquitoes (Shemanchuk et al. 1991 , Loftin et al. 1996 , up to 70% or greater for black ßies (Shemanchuk and Taylor 1984) and up to 80% for biting midges (Mullens et al. 2000) . A similar protective effect from blood feeding by the sand ßy, Phlebotomus perniciosus Newstead, on dogs treated with deltamethrin-impregnated collars was reported by Killick-Kendrick et al. (1997) . The basis for the repellent, repulsion, or anti-feeding effect of permethrin is unclear. Synthetic pyrethroids are known to have rapid effects on the nervous system of insects (Beeman 1982) , with resulting irritation (Shemanchuk et al. 1991 , McLaughlin et al. 1989 , or intoxication (Mullens et al. 2000) , that interferes with the feeding of ßies (anti-feeding effects, Killick-Kendrick et al. 1997) attracted to treated animals.
The bioassay data for recently blood-fed mosquitoes collected from the inside of the nettrap showed no acute effects of contact with either permethrintreated or nontreated animals. We likewise observed no mortality in lesser numbers of blood-fed black ßies that were collected inside nettraps over treated animals. Further, in repeated observations, we did not detect either blood-fed mosquitoes or black ßies falling to or on the ground or stanchion footboards under or around treated animals (unpublished data). These observations, which are consistent with a contact repellency or repulsion effect of permethrin treatment, contrast with the postblood-feeding mortality of biting midges and mosquitoes conÞned in experimental feeding chambers and allowed access to blood by feeding through permethrin-treated hair and a membrane (Holbrook 1986 , Mullens 1993 , McLaughlin et al. 1989 , and Mullens et al. 2000 . We attribute this disparity to differences in assay methods.
Apart from the reduced blood-feeding success of mosquitoes and black ßies from treated animals, it is notable that the response of host-seeking mosquito populations differed from host-seeking black ßy populations at both nontreated and permethrin-treated animals. For example, the ratio of engorged to nonengorged female A. melanimon and A. dorsalis captured from nontreated animals on day 4 posttreatment was Ͼ10:1, whereas at nontreated animals the ratio of engorged to nonengorged black ßies S. bivittatum and S. griseum on day 4 was Ϸ1:1. Further, at permethrintreated animals, the ratio of engorged to nonengorged mosquitoes averaged 1:5, whereas for black ßies it averaged 1:31. Thus, the proportion of females that blood fed varied between mosquitoes and black ßies for both nontreated and treated animals.
The basis for the differing response of mosquito and black ßies to treated animals, which was observed for both formulations of permethrin over time posttreatment and among both Hereford cattle and ponies, is unclear. In our experience, host-seeking black ßies tend to ßy persistently around an animal, landing and departing repeatedly before entering the hair coat to feed. This behavior presumably results in a low ratio of engorged to nonengorged ßies. At treated animals, this behavior may result in ßies that would otherwise land and feed leaving or avoiding the animal. Mosquitoes, in contrast, generally tend to land, probe, and feed through the hair coat promptly after locating an animal, with the result that a higher proportion of blood-fed ßies were captured from both nontreated and treated animals.
The magnitude of protection provided by application of permethrin during the Þrst week posttreatment, a range of 85Ð90% suppression of blood feeding, suggests that the method may be useful as a means for protecting livestock from mosquito and black ßy transmitted pathogens. Suppression of blood feeding associated with permethrin treatment may have a two-fold effect. First, treated animals are provided with a measure of protection from the feeding of pathogen-infected ßies. For example, a 90% suppression of blood feeding for a host-seeking population that would otherwise take 1000 blood meals per day and have an infection rate of one in 1,000 decreases the probability of host exposure to 0.1/d, a theoretical period of protection of 10 d (see Table 4 ). At the lower bloodfeeding rate of 100 insects per d and the same infection rate of one in 1,000 insects, estimated protection (0.01/d) is predicted for a period of 100 d. Increasing either the infection rate, the blood-feeding rate, or both, greatly decreases the protective effect of suppressing blood feeding, thus increasing risk for exposure to an insect-transmitted pathogen. Treatment with permethrin also can be expected to interfere with the transmission of an arthropod-borne pathogen if the treated animal is itself infectious. A reduction in the number of ßies feeding from an infected animal will result in fewer ßies ingesting the pathogen and subsequently serving as vectors.
The potential beneÞts of permethrin treatment are reßected by the equation for vectorial capacity, in which the vector biting rate is a squared value that reßects both the infective feeding and a subsequent feeding in which the pathogen is transmitted (Freier 1989) . Permethrin treatment also may confer unexplained effects. Treatment of cattle with a pour-on to interfere with the feeding of trypanosome-infected tsetse ßies in Kenya (Baylis and Stevenson 1998) resulted in more effective protection than expected from estimates of tsetse attack and trypanosome infection rates. Given these effects and their potential for protecting livestock from arthropod-borne pathogens, further evaluation of the effects of permethrin treatment at the herd level are needed under conditions of natural exposure to an arthropod-borne pathogen.
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